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EXECUTIVE  SUMMARY 


Problems  and  Objectives:  When  the  U.S.  Department  of  Defense  issued  Directive  No.  4140.43, 
Fuel  Standardization  in  March  1988,  JP-8  (NATO  Code  F-34)  was  chosen  to  replace  W-F-800 
DF-2  (NATO  Code  F-54)  in  all  combat  and  tacdcal  vehicles  throughout  NATO.  Due  to  JP-8’s 
lower  energy  content  per  gallon  than  DF-2,  engine  power  loss  and  increased  fuel  consumption 
were  expected.  The  effects  of  JP-8  fuel  on  fuel  consumption  and  acceleration  were  unknowiL 
A  limited  test  program  was  conducted  in  1988  on  selected  vehicles  to  provide  initial  data  to 
quantify  the  effects  of  using  JP-8  fuel.  The  M998  and  M977  vehicles,  although  selected,  were 
not  available  during  the  initial  testing.  Also,  during  this  limited  testing,  it  was  discovered  that 
the  M88A1  medium  recovery  vehicle  exhibited  an  engine  power  loss  and  fuel  consumption  higher 
than  expected  based  on  the  difference  between  JP-8  and  DF-2.  The  engine  manufacturer  for  the 
M88A1  recommended  an  injection  pump  adjustment  that  would  recover  the  vehicle’s  power  loss 
with  JP-8.  This  program  was  conducted  to  determine  the  effects  of  using  JP-8  fuel  on  the  two 
remaining  high-density  vehicles,  and  to  evaluate  the  effect  of  the  recommended  pump  adjustment 
on  the  M88A1  vehicle. 

Importance  of  Project;  Although  previous  demonstration  programs  had  verified  that  JP-8  can 
be  successfully  used  in  diesel-burning  vehicles  and  equipment,  it  was  important  to  quantify  the 
performance  of  the  two  highest  density  vehicles  in  the  inventory,  while  using  JP-8  fuel.  The 
evaluation  of  the  M88A1  with  the  recommended  fuel  pump  adjustment  can  have  an  impact  in 
the  manner  the  Army  approaches  the  MlAl  tank  recovery  problem. 

Technical  Approach;  The  vehicles  for  this  limited  testing  program  were  selected  based  on 
density,  engine  type,  and  mission  profile.  Tests  were  performed  in  the  M998  and  M977  vehicles 
to  determine  fuel  consumption  and  acceleration  time  differences  using  diesel  fuel  and  JP-8  fuel 
Tests  on  the  M88A1  would  determine  fuel  consumption  and  towing  speed  differences  using  diesel 
fuel  and  JP-8  fuel  before  and  after  a  recommended  fuel  pump  adjustment  to  regain  power  loss 
with  JP-8  fuel. 

Accomplishments;  It  was  determined  that  the  use  of  JP-8  increased  the  acceleration  times  on 
both  the  M998  and  M977  vehicles.  There  was  a  2-percent  increase  in  fuel  consumption  for  both 
vehicles  except  during  the  48-km/hr  evaluation  on  the  M998  that  showed  a  2-percent  decrease. 
There  was  a  noted  improvement  in  fuel  consumption  and  performance  in  the  M88A1  vehicle  in 
the  nontowing  mode;  however,  there  was  no  improvement  in  towing  speed  after  the  fuel  pump 
adjustment  Towing  speeds  were  lower  with  JP-8  in  both  cases  when  compared  to  DF-2.  There 
were  significant  increases  in  fuel  usage  (liter/km)  and  energy  consumption  (MJ/km)  after  the  fuel 
pump  adjustment 

Military  Impact;  The  last  of  the  high-density  vehicles  in  the  Army  inventory  have  been 
evaluated  and  their  performance  quantified  with  JP-8  fuel.  The  data  generated  during  these 
evaluations  together  with  other  data  already  available  can  be  used  to  make  the  transition  to  JP-8 
fuel. 
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I.  INTRODUCTION 


In  1988,  a  limited  series  of  tests  was  conducted  in  an  attempt  to  quantify  the  fuel  consumption 
and  acceleration  time  differences  resulting  from  the  use  of  DF-2  and  JP-8  fuels.(l)*  The  vehicles 
tested  included  the  M1009  Commercial  Utility  Cargo  Vehicle  (CUCV),  M928  5-ton  truck, 
M113A2  personnel  carrier,  M88A1  medium  recovery  vehicle,  and  MlAl  main  battle  tank.  The 
selection  of  vehicles  for  testing  was  based  on  equipment  density,  engine  type,  and  mission 
profile.  The  M998  High  Mobility  Multipurpose  Wheeled  Vehicle  (HMMWV)  and  M977  Heavy 
Expanded  Mobility  Tactical  Truck  (HEMTT),  although  selected  in  the  initial  series  of  tests,  were 
not  available  for  testing.  During  the  initial  series  of  tests,  the  M88A1  recovery  vehicle  powered 
by  the  AVDS-1790-2DR  engine  exhibited  a  higher  than  expected  fuel  consumption  and  power 
loss.  Teledyne  Continental,  manufacturer  of  the  AVDS-1790-2DR  engine,  recommended  a  field 
adjustment  to  the  fuel  injection  and  metering  pump  that  would  recover  the  power  loss  exhibited 
when  operating  with  JP-8  fuel.(2)  Consequently,  the  evaluations  covered  in  this  report  were 
conducted  to  quantify  the  fuel  consumption  and  acceleration  time  differences  between  Diesel 
Fuel,  VV-F-800D  DF-2  Q)  and  Aviation  Turbine  Fuel,  MIL-T-83133  JP-8  (4)  on  the  M998  and 
M977,  the  two  remaining  high-density  vehicles  in  the  Army’s  inventory,  and  to  reevaluate  the 
power  difference  on  the  M88A1  after  the  recommended  fuel  pump  adjustment  Testing  was 
conducted  at  Ft  Bliss,  TX.  The  6th  Air  Defense  Artillery  (ADA)  Brigade  provided  vehicles  and 
crews  for  the  M998  HMMWV  and  M977  HEMTT  vehicles,  while  the  3rd  Armored  Cavalry 
Regiment  (ACR)  provided  the  M88A1  recovery  vehicle  and  the  MIAIHA  (Heavy  Armor)  main 
battle  tank. 


II.  BACKGROUND 

The  JP-8  conversion  initiative  resulted  from  a  Tactical  Air  Command  Required  Operational 
Capability  request  in  1967  for  a  safer  jet  fuel.  A  proposed  conversion  from  JP-4  to  JP-8  for 
aircraft  within  North  Atlantic  Treaty  Organization  (NATO)  nations  to  increase  safety,  reduce 
vulnerability,  extend  operating  range,  and  enhance  commercial  availability  was  introduced  in 


*  Underscored  numbers  in  parentheses  refer  to  the  list  of  references  at  the  end  of  this  report 
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1976.  However,  because  of  questions  on  cold  startability  of  helicopters,  increased  fuel  price 
differential,  and  concerns  about  fuel  availability  during  wartime  operations,  the  conversion 
process  was  delayed  during  the  late  1970s  since  nations  were  reluctant  to  ratify  this  conversion 
until  all  issues  had  been  resolved. 

With  the  1981  introduction  of  the  Ml  tank  in  Geimany,  JP-5  or  JP-8  were  blended  with  NATO 
standard  diesel,  F-54,  to  solve  a  severe  low-temperature  fuel-waxing  problem.  The  procedure 
was  successful,  and  it  became  policy  that  all  fuel  during  winter  would  be  blended  prior  to  exiting 
the  Class  m  supply  points. 

A  United  States  published  report  entitled  ”JP-8  and  JP-5  as  a  Compression-Ignition  Engine  Fuel," 
in  1985  confirmed  the  feasibility  of  using  JP-8  in  lieu  of  F-54  diesel  fuel;  in  1986,  HQ  Anny 
Materiel  Command  acknowledged  acceptability  in  using  JP-8  as  an  alternate  fuel.  NATO 
countries  agreed  to  convert  from  NATO  No.  F-40  (JP-4)  to  F-34  (JP-8)  effective  01  January 
1987. 

With  this  planned  conversion,  the  concept  of  a  Single  Fuel  on  the  Battlefield  became  a  reality 
with  significant  logistical  and  operational  advantages.  Limited  testing  of  M88A1,  MlAl, 
Ml  13A2,  M1009,  and  M928  vehicles  at  Fort  Bliss  assessed  fuel  consumption,  acceleration  times, 
and  hot  starting  limitations  with  JP-8  fuel.  The  JP-8  Demonstration  Program  was  initiated  at  Ft 
Bliss  on  01  February  1989  and,  in  August  1990,  the  Department  of  Defense  (DOD) 
implemented  the  Single  Fuel  on  the  Battlerield  concept  by  providing  Jet  A-1  (i.e.,  JP-8  fuel 
without  its  three  additives)  for  U.S.  forces  in  Operations  Desert  Shield/Storm. 


III.  OBJECTIVES 

One  objective  of  these  evaluations  was  to  quantify  performance  and  fuel  consumption  on  the  two 
remaining  high-density  tactical  vehicles  in  the  inventory  when  convening  from  DF-2  to  JP-8  fuel. 
A  second  objective  was  to  reevaluate  and  quantify  the  M88A1  recovery  vehicle  full-power 
performance  and  fuel-consumption  changes  when  operating  with  JP-8  fuel  in  lieu  of  diesel  DF-2 
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fuel  and  to  quantify  power  loss  recovery  with  JP-8  fuel  after  a  Teledyne  Continental- 
recommended  field  adjustment  to  the  M88A1  fuel  injection  and  metering  pump. 


IV.  APPROACH 

BFLRF  coordinated  the  evaluation  of  the  selected  vehicles  with  the  Directorate  of  Installation 
Support  G^IS),  the  Logistics  Assistance  Office  (LAO),  and  the  Logistics  Sections  of  the  3rd  ACR 
and  6th  ADA  Brigade.  A  separate  fuel  supply  system  was  fitted  to  the  test  vehicles  to  facilitate 
testing  of  the  two  fuels.  A  referee  DF-2  fuel  and  the  Ft  Bliss  bulk  issue  JP-8  fuel  were  used  for 
all  testing.  Instrumentation  was  installed  to  monitor  various  temperatures  and  to  accurately 
measure  the  small  amounts  of  fuel  consumed  during  the  evaluations. 


V.  DETAILS  OF  EVALUATION 


A.  Test  Vehicles 

The  test  vehicles  were  selected  by  local  organizations  tasked  to  support  the  evaluations.  Several 
maintenance  procedures  were  performed  on  the  vehicles  prior  to  the  evaluations.  On  the  M88A1 
vehicle,  track  tension  was  adjusted,  fuel  filters  were  changed,  and  the  fuel  injection  and  metering 
pump  was  removed  and  recalibrated  by  DIS  maintenance  personnel.  Transmission  stall  tests  were 
performed,  and  fuel  filters  were  changed  in  the  M998  and  M977  vehicles.  No  payloads  or  ballast 
loads  were  added  to  the  test  vehicles, 

B.  Test  Site 


The  test  site  was  selected  by  BFLRF  personnel.  Since  the  selected  road  had  no  weight 
restriction,  both  the  wheeled  and  tracked  vehicles  were  evaluated  at  the  same  site.  The  test  track 
selected  was  a  smooth  hard-packed,  gravel  road  running  south-to-north.  The  roadway  had  a 
5-percent  south-to-north  gradient 
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C.  Test  Fuels 


The  Military  Specification  MIL-T-83133C,  Grade  JP-8  fuel  used  in  the  evaluations  was  obtained 
from  the  underground  tanks  of  the  units  supplying  the  test  vehicles.  The  DF-2  fuel  was  provided 
by  BFLRF  and  was  blended  to  meet  requirements  of  Federal  Specification  VV-F-800D. 
Inspection  properties  of  the  fuels  used  in  the  evaluations  (AL-19731-F,  AL-19904-F, 
AL-17696-F)  are  given  in  TABLE  1. 


TABLE  1.  Inspection  Properties  of  JP-8  and  Reference  No.  2  Diesel  Fuel 


JP-8  DF-2 


Property 

Method 

MIL-T-83133C 

RequiremenU 

AL-1973I-F 

AL-19903-F 

VV-F-800D 

Requirements 

AL-19637-F 

Total  Acid  No.,  mg  KOH/g 

D3242 

0.013,  max 

0.007 

0.003 

NR* 

ND** 

Aromatici,  vol% 

D  1319 

23.0,  max 

17.9 

19.1 

NR 

ND 

Olenna,  vol% 

D  1319 

3.0,  max 

2.4 

1.3 

NR 

ND 

Sulfur,  Total.  maaa% 

D4294 

OJ,  max 

0.07 

0.07 

030,  max 

0.4 

Distillation, 

Dg6 

Initial  Boiling  Point 

Report 

174 

182 

NR 

214 

10%  Recovered 

203.  max 

198 

192 

NR 

240 

20%  Recovered 

Report 

201 

197 

NR 

248 

S0%  Recovered 

Report 

211 

209 

Report 

268 

90%  Recovered 

Report 

237 

236 

337,  max 

318 

End  Point 

300,  max 

236 

262 

370,  max 

331 

Residue,  vol% 

1.3,  max 

1 

1 

3,  rtux 

13 

Flash  Point,  "C 

D93 

38,  min 

39.4 

64 

NR 

ND 

Gravity,  ’API 

D  1298 

37  to  31 

43J 

433 

NR 

343 

Density,  1S°C,  kg/L 

D  1298 

0.733  to  0.840 

0.8091 

0.8091 

0.813  to  0.860 

0.8333 

Qoud  Point,  ’C 

D2S00 

NR 

<-30 

<-43 

Local 

ND 

Kinematic  Viscosity,  cSt,  at 

D445 

dO’C 

NR 

1.38 

1.37 

1.9  to  4.1 

2.93 

70°C 

NR 

0.97 

0.96 

NR 

ND 

Net  Heat  of  Combustion, 

D240 

Btu/lb 

18,400,  min 

18,420 

18303 

NR 

18333 

MJ/kg 

42.8.  min 

42.843 

43.038 

NR 

42.413 

Btu/gaL 

NR 

124,238 

124,818 

NR 

129,763 

Hydrogen,  mass% 

D3178 

13.4,  min 

13.77 

13.98 

NR 

13.13 

Existent  Gum,  mg/100  mL 

D381 

7.0,  max 

1.2 

0.6 

NR 

ND 

Particulate  Matter,  mg/L 

D2276 

1.0,  max 

0.4 

1 

10,  max 

0.6 

Accelerated  Stability,  mg/100  mL 

D2274 

NR 

0.13 

0.13 

13,  max 

ND 

Fuel  System  Icing  Inhibitor 

FED-STD-791. 

Method  3340 

0.10  to  0.13 

0.06 

0.14 

NR 

ND 

Corrosion  Inhibitor,  mg/L 

HPLC 

NR 

NESt 

11 

NR 

ND 

Fuel  Electrical  Conductivity,  pSAn 

D2624 

130  to  600 

80 

130 

NR 

ND 

Cetane  Number 

D613 

NR 

48.4 

46.1 

43,  min 

ND 

Cetane  Index 

D  976-80 

NR 

43Ji 

363 

43,  min 

46.2 

Visual  Appearance 

D4176 

Clean/Bright 

Bright/Sed 

Bright/Sed 

Clean/B  tight 

ND 

Colonial  Pipeline  Ca  Haze  Rating 

Proposed 

NR 

1 

1 

NR 

ND 

*  NR  a  No  RequiremenL 

••  ND  =  Not  Determined, 
t  NES  a  Not  Enough  Sample. 
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D.  Equipment  and  Installation 

The  following  equipment  was  used  in  the  evaluations: 


•  Fluidyne  fuel  flowmeter  with  digital  timer/totalizer/indicator 

•  Day  tank 

•  Fuel-to-air  heat  exchanger 

•  Eight-channel  data  logger 

•  Calibrated  stop  watches 

•  Fuel  transfer  pump 

•  External  fuel  tanks 

•  Metal  stakes  for  markers 


Premeasured  fuel  lines  were  fabricated  from  13-mm  (0.5-in.)  steel  braided  high-pressure  hose. 
A  male  pipe  fitting  at  each  end  of  the  hoses  permitted  attachments  to  the  quick  disconnect  and 
fittings  of  the  different  engines.  The  fuel  flow  transducer,  day  tank,  digital  totalizer,  fuel  filter, 
and  data  logger  were  mounted  in  a  specially  fabricated  box  with  quick  disconnects  at  the  fuel 
inlet  and  outlet  for  easy  installation  on  the  test  vehicles. 


Fig.  1  illustrates  the  fuel  supply  system  for  the  test  vehicles.  The  fuels  were  supplied  from 
separate  external  114-liter  (30-gallon)  tanks  securely  strapped  to  the  outside  of  the  vehicles.  A 
12  VDC  fuel  pump  capable  of  pumping  382  liter/hr  (101  gal./hr)  under  96.5  kPa  (14  psi)  was 
mounted  at  the  fuel  tank  outlet  to  supply  fuel  to  the  systems.  On  the  M88A1  recovery  vehicle, 
an  additional  pump  was  installed  at  the  day  tank  outlet  to  supply  the  fuel  pressure  required  by 
the  engine  fuel  system. 

Thermocouples  were  attached  to  data-logging  equipment,  and  measurements  were  taken  during 
each  test  procedure.  Thermocouples  were  installed  in  the  following  locations: 

•  Fuel  into  flowmeter  and  day  tank 

•  Fuel  from  day  tank  to  engine 

•  Fuel  retiun  from  engine  prior  to  heat  exchanger 

•  Engine  oil  sump* 

•  Inside  exhaust  pipe  at  exit 

•  Cylinder  head* 

*  M88A1  recovery  vehicle  only. 
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E.  Acceleration  Procedure 


Wide  open  throttle  accelerations  from  a  standing  start  were  performed  on  the  M998  and  M977 
vehicles  up  to  48,  64,  and  72  km  (30,  40,  and  45  miles)  per  hour.  Six  individual  runs  vere 
performed  with  each  fuel:  three  in  each  direction.  The  time  in  seconds  was  recorded  for  each 
speed.  To  stabilize  engine  temperature  and  performance,  the  vehicles  were  operated  a  minimum 
of  3218  meters  (2  miles)  at  normal  operating  conditions  after  each  three  acceleration  runs. 

F.  Fuel-Consumption  Evaluation  (All  Vehicles) 

Two  stakes  were  placed  at  each  end  of  a  measured  course  [3218  meters  (2  miles)]  so  that  the 
stakes  appeared  aligned  at  the  measurement  point.  With  the  transmission  in  high  range,  the 
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vehicle  was  accelerated  at  normal  driving  conditions  until  the  desired  speed  was  reached  prior 
to  the  beginning  marker.  The  approximate  speed  was  maintained  until  both  markers  were 
cleared.  Fuel  measurement  began  when  the  observer  was  in  line  with  the  beginning  markers  and 
stopped  when  the  markers  aligned  at  the  opposite  end  of  the  track.  The  vehicle  was  turned 
around,  and  the  test  was  repeated  with  the  vehicle  traveling  in  the  opposite  direction.  A  total  of 
four  runs  were  made  at  each  speed,  two  runs  in  each  direction.  All  fuel-consumption  volumes 
were  corrected  to  volumes  at  15°C  (60°F). 

For  the  towing  mode  evaluation  of  the  M88A1  recovery  vehicle,  two  stakes  were  placed  at  each 
end  of  a  3218-meter  (2-mile)  measured  course  so  that  the  stakes  appeared  aligned  at  the 
measurement  point  With  the  MIAIHA  tank  in  tow,  the  M88A1  Recovery  Vehicle  was 
accelerated  at  full  power,  and  maximum  speed  attained  prior  to  reaching  the  beginning  marker. 
Full  power  was  maintained  until  both  markers  were  cleared.  Timing  in  seconds  started  when  the 
observer  was  in  line  with  the  beginning  marker  and  stopped  when  the  markers  aligned  at  the 
opposite  end  of  the  track.  The  vehicles  were  turned  around  and  the  test  repeated  with  the 
vehicles  traveling  in  the  opposite  direction.  To  prevent  damage  to  the  M88A1  recovery  vehicle 
while  towing,  only  one  run,  instead  of  two,  was  made  in  each  direction. 


VI.  DISCUSSION  OF  RESULTS 


A.  Acceleration  Times 


The  acceleration  times  of  a  given  vehicle  is  a  function  of  the  work  produced  by  the  engine.  The 
developed  work  and  subsequent  rate  of  work  (power)  are  a  function  of  the  volume  and  energy 
content  of  the  injected  fuel.  Injected  fuel  volume  is  a  function  of  fuel  density  and  viscosity, 
factors  that  affect  the  metering  and  leakage  in  a  diesel  injection  system.  The  fuel  energy  density 
and  the  injected  volume  determine  the  energy  content  of  the  injected  fuel.  Combustion  factors 
that  determine  power  availability  with  a  fuel  are  ignition  delay  and  the  thermal  efficiency  of  the 
combustion  and  energy  conversion  processes.  The  aforementioned  factors  all  contribute  to  the 
work  and  power  development  of  an  engine,  which  affect  the  vehicle  acceleration  times  when  a 
fuel  conversion  is  made. 
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With  the  conversion  from  DF-2  to  JP-8,  several  of  the  fuel  properties  (TABLE  1)  that  affect 
engine  power  potential  vary.  Typically  JP-8  fuel  is  less  dense  with  a  lower  kinematic  viscosity. 
This  lower  viscosity  results  in  a  lower  injected  fuel  volume  than  DF-2.  A  lower  energy  density 
with  JP-8,  combined  with  the  lower  injected  volume,  results  in  less  chemical  energy  available 
for  combustion  and  conversion  at  full  rack.  However,  the  lower  cetane  number  of  JP-8  results 
in  slightly  longer  ignition  delays  and  increased  premixed  combustion  fraction,  which  leads  to 
thermal  efficiency  improvements.  All  factors  considered,  the  acceleration  variations  of  a  vehicle 
cannot  always  be  projected  simply  based  upon  the  fuel  properties.  (1) 

The  percent  deviations  in  time-to-speed  accelerations  for  the  M998  HMMWV  and  M977 
HEMTT,  as  a  result  of  DF-2  to  JP-8  conversion,  are  shown  in  Fig.  2.  The  M998  HMMWV 
utilizes  a  version  of  the  General  Motors  6.2L,  normally  aspirated,  four-cycle,  indirect  injected, 
swirl  chamber  diesel  engine.  The  M977  HEMTT  utilizes  a  Detroit  Diesel  8V-92T,  turbocharged, 
two-cycle,  direct  injected,  quiescent  chamber  diesel  engine.  Both  the  M998  and  M977  vehicles 
experience  longer  acceleration  times  for  the  speed  range  evaluated  when  utilizing  JP-8. 


Vehicle  Speed,  km/hr 

Figure  2.  Vehicle  time-to-speed  accelerations  —  DF-2  to  .TP-8  conversion 
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The  M998  HMMWV  acceleration  decrement  is  greater  than  that  which  would  have  been 
estimated  from  fuel  property  variations.  The  acceleration  times-to-speed  for  the  M998  vehicle 
are  shown  in  Fig.  3.  The  error  bars  represent  the  95-percent  confidence  interval  of  the  average 
of  the  six  evaluations  for  each  fuel.  The  results  indicate  significant  variability  in  the  acceleration 
times  regardless  of  the  fuel  utilized.  Except  for  the  time  to  48  km/hr  (30  mph),  the  error  bars 
indicate  the  acceleration  times  are  not  significantly  different  at  the  95-percent  confidence  level 
for  the  two  fuels.  The  data  also  suggest  the  vehicle  appears  slower  by  a  constant  number  of 
seconds  at  each  speed.  Previous  evaluations  (1)  of  a  M1009  vehicle,  which  utilizes  a  version  of 
the  engine  in  the  M998,  revealed  no  acceleration  penalty  upon  conversion  to  JP-8.  The  particular 
M998  utilized  for  the  current  evaluations  had  565  km  (351  miles)  on  the  odometer  at  the 
beginning  of  testing.  It  can  be  speculated  an  incomplete  engine  run-in  may  have  contributed  to 
the  greater  than  expected  acceleration  time  variations. 

The  M977  HEMTT  acceleration  decrement  is  approximately  that  which  would  have  been 
estimated  from  fuel  property  variations.  The  acceleration  times-to-speed  for  the  M977  vehicle 
are  shown  in  Fig.  4.  The  error  bars  represent  the  95-percent  confidence  interval  of  the  average 
of  the  six  evaluations  for  each  fuel.  The  error  bars  indicate  the  acceleration  times  are  not 
significantly  different  at  the  95-percent  confidence  level  for  the  two  fuels.  The  data  also  indicate 
the  variability  in  acceleration  times  was  greater  with  JP-8  at  the  upper  end  of  the  speed  range 
evaluated. 

For  a  better  understanding  of  the  vehicle  acceleration  across  the  vehicle  speed  range,  the 
rectilinear  accelerations  were  calculated  from  the  time-to-speed  data.  The  deviations  of  the 
calculated  accelerations  due  to  the  DF-2  to  JP-8  conversion  are  depicted  in  Fig.  5.  Both  the 
M998  and  M977  vehicles  show  slower  accelerations  at  the  low  and  high  ends  of  the  speed  range 
evaluated.  However,  the  mid-range  accelerations  with  JP-8  are  equivalent  or  faster  than  with 
DF-2  for  the  M998  and  M977,  respectively.  From  Fig.  6  of  the  rectilinear  acceleration  values 
for  the  M998,  it  is  apparent  the  vehicle  accelerates  faster  in  the  48-  to  64-km/hr  (30-  to  40-mph) 
range  with  either  fuel.  Fig.  7  for  the  M977  reveals  the  vehicle  accelerates  slower,  with  either 
fuel,  as  vehicle  speed  increases. 
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Vehicle  Speed,  km/hr  Vehicle  Speed,  km/hr 


Figure  4.  M977  HEMTT  acceleration  times 
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B.  Fuel-Consumption  Comparisons 

The  use  of  JP-8  should  increase  vehicle  fuel  consumption  at  road  load  conditions  due  to  the 
heating  value  difference  of  the  fuel.  In  general,  JP-8  contains  a  lower  unit  of  energy  per  volume 
quantity  of  fuel  than  does  DF-2.  Depending  on  how  the  engine  thermal  efficiency  is  affected  by 
fuel  composition,  the  actual  difference  in  fuel  consumption  may  fluctuate  from  the  fuel 
consumption  predicted  on  a  volumetric  heat  of  combustion  basis.  Alternatively,  JP-8  induced 
reductions  of  maximum  power  and  subsequent  slower  acceleration  and  lower  maximum  speeds 
may  tend  to  reduce  fuel  consumption  at  full-load  conditions.  The  steady-speed  evaluations, 
which  represent  partial  load  conditions,  were  selected  to  obviate  this  effect. 

The  fuel-consumption  measurements  of  these  evaluations  should  not  be  considered  representative 
of  the  fuel  consumption  obtained  in  actual  service.  The  quasi-level  road  measurements  obtained 
on  these  investigations  will  produce  lower  fuel-consumption  levels  than  would  be  experienced 
during  normal  duty  cycles  where  full-power  accelerations  and  cross-country  driving  would  occur. 


(0-48)  (48-64)  (64-72) 

Speed  Range,  km/hr 

Figure  7.  M977  HEMTT  rectilinear  accelerations 
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The  fuel-consumption  deviations  upon  converting  from  DF-2  to  JP-8  are  shown  in  Fig.  8  for  the 
M998  HMMWV.  Also  included  with  these  data  is  the  reference  line  denoting  the  volumetric 
heat  of  combustion  difference  between  the  test  fuels,  which,  for  these  evaluations,  was 
4.16  percent  The  data  at  each  speed  represent  the  average  of  four  evaluations  of  fuel 
consumption  for  the  3218-meter  (2-mile)  test  length.  The  fuel-consumption  deviation  at  both 
speeds  was  less  than  expected  from  the  heating  value  difference  of  the  fuels.  The  error  bands 
represent  the  90-percent  confidence  intervals,  based  on  the  uncertainty  in  the  DF-2  and  JP-8 
averages.  Because  of  uncertainty  in  the  fuel-consumption  averages  and  the  propagation  of  error, 
a  90-percent  confidence  interval  was  chosen  as  the  level  of  significance  of  the  fuel-consumption 
deviations.  The  fuel-consumption  averages  for  both  test  fuels,  and  the  95-percent  confidence 
intervals  for  each  fuels  average,  are  displayed  in  Fig.  9  for  the  M998  vehicle.  Some  variation 
in  fuel  consumption  for  the  M998  could  be  attributed  to  the  slight  south-to-north  grade  of  the  test 
section.  The  evaluations  were  performed  in  both  directions  on  the  test  section.  The  variation 
somewhat  muddles  the  results  of  this  evaluation,  but  it  may  trend  the  results  toward  actual 
operation.  At  a  level  of  90-percent  confidence,  it  appears  the  fuel  consumption  of  the  M998 
HMMWV  while  operating  on  JP-8  fuel  is  not  significantly  different  than  operating  with  DF-2 
fuel  for  these  evaluations. 

Fig.  10  displays  the  fuel-consumption  deviations  upon  converting  from  DF-2  to  JP-8  for  the 
M977  HEMTT.  The  reference  line  denoting  the  volumetric  heat  of  combustion  difference 
between  the  test  fuels  is  also  included.  The  data  at  each  speed  represent  the  average  of  four 
evaluations  of  fuel  consumption  for  the  3218-meter  (2-mile)  test  length.  Again  the  fuel- 
consumption  deviation  at  both  speeds  was  less  than  would  have  been  expected  from  the  heating 
value  difference  of  the  fuels.  The  error  bands  represent  the  90-percent  confidence  intervals, 
based  on  the  uncertainty  in  the  DF-2  and  JP-8  averages.  Again,  because  of  the  uncertainty  in 
the  fuel-consumption  averages  and  the  propagation  of  error,  a  90-percent  confidence  interval  was 
chosen  to  express  the  level  of  significance  of  the  fuel-consumption  deviations.  The  fuel- 
consumption  averages  for  both  test  fuels  and  their  95-percent  confidence  intervals  are  displayed 
in  Fig,  1 1  for  the  M977  HEMTT.  Variations  in  fuel  consumption  for  the  M977  can  be  credited 
to  the  slight  south-to-north  grade  of  the  test  section.  The  fuel-consumption  figures  reflect  the 
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Vehicle  Speed,  km/hr 

Figure  8.  M998  HMMWV  JP-8  fueNconsumption  deviations 


Vehicle  Speed,  km/hr 

Figure  9.  M998  HMMWV  steady-state  fuel  consumption 
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Figure  10.  M977  HEMTT  .TP>8  fuel-consumption  deviations 


Vehicle  Speed,  km/hr 

Figure  11.  M977  HEMTT  steady-state  fuel  consumption 
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direction  in  which  the  individual  evaluations  were  performed.  The  M977  evaluations  were  also 
performed  at  the  vehicle  empty  weight  The  suspension  stiffness  at  empty  weight  made  it 
demanding  for  the  operator  to  maintain  a  constant  speed  on  the  uneven  and  graded  portions  of 
the  test  section.  The  fuel-consumption  variability  effectively  averages  the  terrain-induced  effects 
on  the  vehicle  fuel  consumption.  For  these  evaluations  at  90-percent  confidence,  the  fuel 
consumption  of  the  M977  HEMTT  while  utilizing  JP-8  fuel  is  not  significantly  different  than 
operation  with  DF-2.  However,  a  nominal  increase  of  2  percent  appears  to  exist  with  JP-8  usage. 

C.  M88A1  Performance 

1.  Test  Chronolo2v  and  Pump  Adjustments 

The  fuel  injection  pump  was  removed  from  the  M88A1  recovery  vehicle  and  calibrated  to 
technical  manual  (TM)  standards  prior  to  any  testing  on  the  vehicle.  The  removal,  calibration, 
and  installation  of  the  injection  pump  were  performed  by  DIS  maintenance  personnel  (general 
support  level  maintenance).  TABLE  2  illustrates  test  stand  fuel  flow  readings  in  cubic 
centimeters  (cm^)  of  the  injection  pump  at  several  stages  of  calibration  and  adjustments.  The 
precalibration  readings  were  considerably  higher  than  the  calibration  standards  called  for  in 
TM  9-2910-34.(7)  Unit  maintenance  personnel  stated  that  a  maintenance  team  from  the  Tank- 
Automotive  Command  had  performed  a  field  adjustment  to  the  injection  pump  during  Operation 
Desert  Shield/Storm. 

At  the  conclusion  of  the  level  road  fuel-consumption  and  steady-pull  evaluations  with  DF-2  and 
JP-8  fuel,  maintenance  personnel  performed  the  on-vehicle  adjustment  to  the  fuel  injection  pump 
as  specified  in  Teledyne  Continental’s  Bulletin  ER-88-222.(2)  The  vehicle,  however,  did  not 
perform  as  expected  after  the  adjustment.  Instead  of  increased  power,  the  vehicle  exhibited  a 
severe  loss  of  power.  Maintenance  personnel  attributed  the  power  loss  to  injection  pump  timing; 
however,  the  reason  for  the  power  loss  was  never  confirmed.  The  injection  pump  was  removed 
from  the  vehicle  and  mounted  on  the  test  stand  to  ascertain  the  results  of  the  fuel  flow 
adjustment.  The  fuel  flow  readings  indicated  that  the  fuel  flow  was  increased  approximately 
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13  percent  at  2440  rpm,  7  cm^  more  than  the  expected  increase  after  adjustment.  The  fuel 
injection  pump  was  calibrated  a  second  time,  and  the  recommended  adjustment  performed  with 
the  pump  on  the  test  stand.  Care  was  exercised  to  be  as  precise  as  possible  on  the  adjustment 
The  expected  6  cm^  fuel  flow  increase  was  obtained.  The  pump  was  reinstalled  and  testing 
resumed. 

The  level  road,  steady-pull  (MIAIHA  tow)  evaluations  before  and  after  injection  pump 
adjustment  were  performed  on  dry-surfaced  roads.  Also,  the  level  road  fuel-consumption 
evaluation  after  injection  pump  adjustment  was  conducted  on  dry-surfaced  roads.  The  level  road 
fuel-consumption  evaluations  with  DF-2  and  JP-8  prior  to  the  fuel  injection  pump  adjustment 
were  conducted  during  precipitation  on  wet-surfaced  roads. 

2.  Fuel  Consumption 

The  fuel-consumption  evaluations  were  performed  on  the  3218-meter  (2-mile)  test  section  having 
a  slight  south-to-north  grade.  Vehicle  field  evaluations  have  been  traditionally  performed  in  the 
summer  months  to  maximize  the  vehicle  performance  deviations  with  JP-8  fuel.  These 
evaluations  were  performed  in  the  winter  months  at  ambient  temperature  conditions  that  ranged 
from  4®  to  8®C  (39®  to  46®F),  and  included  precipitation.  The  effects  of  the  precipitation  and 
resultant  deterioration  of  the  test  section  increased  the  variation  of  the  fuel-consumption  data. 
For  example,  increased  tractive  effort  to  negotiate  the  muddy  course  at  speed  would  be  reflected 
as  higher  fuel  consumption.  Since  military  vehicles  must  operate  in  all  types  of  terrain  and 
weather  conditions,  the  results  may  favor  actual  duty-cycle  deviations  with  JP-8. 

The  combination  of  the  grade  variations  and  weather  resulted  in  operator  difficulties  in 
maintaining  steady-vehicle  speeds.  Therefore,  the  results  of  the  four  evaluations  are  presented 
as  individual  fuel-consumption  rate  and  speed  data  sets.  The  fuel-consumption  rate  data  shown 
in  Fig.  12  are  for  a  nominal  vehicle  speed  of  24  km/hr  [15  miles  per  hour  (mph)].  The  data 
indicate  a  higher  fuel-consumption  rate  in  the  northerly  direction  because  of  the  test  section 
grade.  The  speed  deviations  for  the  M88A1  vehicle  from  the  target  24-km/hr  (15-mph)  test  speed 
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are  shown  in  Fig.  13.  In  general,  the  actual  vehicle  speeds  were  greater  than  the  target  speed. 
The  fuel-consumption  rate  with  JP-8  at  24  km/hr  (15  mph)  is  generally  greater  than  DF-2  with 
the  unadjusted  pump.  The  fuel-consumption  rate  with  the  adjusted  pump  appears  to  be  lower 
than  with  the  unadjusted  pump  and  similar  to  DF-2. 

The  M88A1  vehicle  performance  at  40  km/hr  (25  mph)  was  significantly  affected  by  the  test 
section  grade.  The  target  speed  appears  to  have  been  near  the  maximum  level  road  speed  of  the 
test  vehicle  while  operating  on  JP-8  with  the  unadjusted  fuel  injection  pump.  Some  of  the  speed 
variations  were  a  result  of  the  transmission  range  attained  on  the  graded  portion  of  the  test 
section.  Fig.  14  is  the  fuel-consumption  rate  data  for  a  nominal  vehicle  velocity  of  40  km/hr 
(25  mph).  Higher  fuel-consumption  rates  are  shown  for  the  northerly  direction,  except  for  the 
first  DF-2  evaluation.  The  speed  deviations  for  the  M88A1  vehicle  from  the  target  40-km/hr 
(25-mph)  test  speed  are  shown  in  Fig.  15.  Note  that  Fig.  15  shows  that  the  vehicle  could  not 
attain  the  test  speed  utilizing  JP-8  with  an  unadjusted  fuel  injection  pump.  The  first  northerly 


24  km/hr 

•Denotes  Adjusted  Fuel  Injection  Pump 


^  JP-8 
S  DF-2 
^  JP-8A* 


Test  Direction 

Figure  12.  M88A1  fuel  consumption  —  DF-2  to  .TP-8  conversion 
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Vehicle  Speed  Deviation  from  24  km/hr 


Figure  IS.  M88AI  vehicle  speed  deviations  —  DF-2  to  .TP-8  conversions 


run  with  DF-2  also  was  below  the  target  test  speed.  The  data  suggest  that  the  fuel-consumption 
rate  with  JP-8  in  the  unadjusted  fuel  injection  pump  was  affected  by  pumping  losses  in  the 
injection  pump,  as  reflected  by  the  vehicle  speeds  attainable  on  the  test  section.  The  net  effect 
of  the  fuel  injection  pump  adjustment,  with  JP-8,  appears  to  be  increased  fuel-consumption  rate 
combined  with  increased  vehicle  speed  along  the  graded  test  section. 

In  order  to  normalize  the  consumption  rates  and  speed  variations,  fuel  economy  values  were 
calculated.  The  results  are  expressed  in  liters/km  (gallons  per  mile),  with  higher  numerical  values 
indicating  greater  fuel  usage.  The  results  for  the  nominal  24-km/hr  (15-mph)  vehicle  speed  are 
shown  in  Fig.  16.  The  data  suggest  that  the  fuel  economy  witliin  each  fuel  and  direction  appears 
consistent.  At  24  km/lir,  the  vehicle  appears  to  require  more  fuel  to  negotiate  the  test  section 
with  JP-8  than  DF-2,  both  with  and  without  the  pump  adjustment.  The  pump  adjustment  does 
appear  to  somewhat  improve  the  fuel  economy  with  JP-8. 
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Test  Direction 

Figure  16.  M88AI  fuel  economy  —  DF-2  to  .TP-8  conversion 


The  fuel-economy  results  for  the  40-km/hr  (25-mph)  vehicle  speed  is  displayed  in  Fig.  17.  The 
results  appear  consistent  within  fuel  and  direction,  except  for  the  first  northerly  DF-2  evaluation. 
This  DF-2  data  point  appears  anomalous  when  compared  to  the  other  results.  The  fuel  usage 
with  JP-8  at  a  nominal  40  km/hr  (25  mph)  is  greater  than  DF-2  with  the  unadjusted  fuel  injection 
pump,  and  appears  similar  to  DF-2  with  the  adjusted  pump.  The  results  indicate  an  improvement 
in  vehicle  fuel  economy  when  utilizing  JP-8  with  the  fuel  injection  pump  adjustment. 


The  fuel-economy  deviations  for  the  M88A1  from  DF-2  are  shown  in  Fig.  18  for  each  JP-8  run 
at  both  speeds.  The  difference  between  the  volumetric  heat  of  combustion  of  the  test  fuels  is 
shown  for  reference.  With  the  unadjusted  fuel  injection  pump,  the  fuel  usage  with  JP-8  exceeds 
the  values  expected  due  to  the  heating  value  difference.  The  northerly  run  at  40  km/hr  (25  mph) 
shows  a  large  difference,  due  to  the  anomalous  DF-2  data  point.  This  point  was  not  discarded 
due  to  the  limited  data  available.  Of  interest  is  the  fact  that  the  fuel  pump  adjustment  improved 
the  fuel  economy  of  the  M88A1  while  utilizing  JP-8,  approaching  the  results  predictable  from 
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Deviation  from  DF-2,  % 


Test  Direction 


Figure  17.  M88A1  fuel  economy  —  DF-2  to  .TP»8  conversion 
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the  heating  values.  It  can  be  speculated  that  the  fuel  pump  adjustment  also  effectively  advanced 
the  injection  timing,  accounting  for  most  of  the  improvement.  The  directional  and  overall 
averages  of  the  fuel-economy  deviations  are  shown  in  Fig.  19,  The  two  previous  measurements 
with  the  M88A1  vehicle  (1)  revealed  overall  fuel-consumption  deviations  on  the  order  of  10  to 
15  percent  for  an  unadjusted  fuel  injection  pump.  The  fuel  pump  adjustment  appears  to  improve 
the  fuel  consumption  of  the  M88A1  considerably. 

3.  Steadv-Pull  (MIAIHA  Tow)  Evaluations 

The  steady-pull  evaluations  with  the  M88A1  vehicle  towing  an  MIAIHA  main  battle  tank  were 
also  performed  on  the  3218-meter  (2-mile)  test  section  with  a  slight  south-to-north  grade. 
Noteworthy  is  the  speed  attained  and  the  resulting  fuel  consumption  for  the  3218-meter  (2-mile) 
pull.  The  vehicle  speeds  with  the  MIAIHA  in  tow  are  shown  in  Fig.  20  for  the  two  directions. 
The  towing  speeds  for  the  M88A1  vehicle  with  JP-8  are  slower  than  DF-2  for  both  the 
unadjusted  and  adjusted  fuel  injection  pump  evaluations.  Although  the  adjusted  pump  provides 
more  JP-8  to  the  engine,  no  improvement  in  towing  performance  is  noted  as  a  result  of  the  fuel 
injection  pump  adjustment. 

The  fuel-consumption  rates  for  the  evaluations  are  shown  in  Fig.  21  for  both  test  section 
directions.  The  M88A1  exhibits  an  effectively  higher  JP-8  fuel-consumption  rate  with  the 
adjusted  fuel  injection  pump.  When  the  fuel  economy  is  evaluated,  as  in  Fig.  22,  the  M88A1 
uses  considerably  more  fuel  with  the  adjusted  pump.  It  appears  the  extra  JP-8  consumed  by  the 
vehicle  is  not  effectively  converted  to  work  when  towing  the  MIAIHA. 

The  fuel-economy  deviations  for  the  M88A1  from  DF-2  are  shown  in  Fig.  23  for  both  course 
directions.  The  difference  between  the  heating  values  of  the  test  fuels  is  shown  for  reference. 
The  JP-8  fuel-economy  deviation  for  the  vehicle  with  an  unadjusted  fuel  injection  pump  is 
approximated  by  the  heating  value  difference  of  the  fuels.  While  the  adjusted  fuel  injection 
pump  with  JP-8  shows  a  fuel-economy  deviation  greater  than  what  could  be  predicted  from  the 
fuel  heating  values  and  the  pump  flow  increase.  These  effects  are  opposite  of  the  results 
obtained  when  the  M88A1  was  performing  solo. 


Vehicle  Speed,  km/hr  Fuel  Economy  Deviation  from  DF-2,  % 


Directional  and  Overall  Averages 


Figure  19.  M88A1  overall  fuel-economy  deviations  —  DF-2  to  JP-S  conversion 
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Fuel  Economy.  L/km  Consumption,  L/hr 


Test  Direction 

Figure  22.  M88A1  steadv-pull  fuel  economy  —  DF»2  to  .TP^S  conversion 
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Test  Direction 

Figure  23.  M88A1  steadv-pull  fuel-economv  deviations  —  DF-2  to  .TP^S  conversion 

A  comparison  of  the  energy  consumption  for  performing  the  towing  evaluations  is  shown  in 
Fig.  24.  Of  interest  is  the  similar  energy  consumption  between  the  DF-2  and  the  unadjusted  fuel 
injection  pump  JP-8  evaluations.  Adjustment  of  the  fuel  injection  pump  for  increased  JP-8  flow 
results  in  increased  energy  consumption  and  thermal  efficiency  penalties.  While  towing  the 
MIAIHA,  the  increased  flow  of  the  fuel  injection  pump  with  JP-8  results  in  higher  fuel 
consumption  without  any  towing  performance  improvement. 


VII.  CONCLUSIONS  AND  RECOMMENDATIONS 
A.  Conclusions 

The  following  conclusions  were  reached  for  the  M998  HMMWV  and  M977  HEMTT  vehicles: 

•  Acceleration  times  increased  1 1.5  percent  for  the  M998  and  4.6  percent  for  the  M977 
for  the  speed  range  evaluated  when  utilizing  JP-8  fuel  as  compared  to  DF-2  fuel. 
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Energy  Consumption,  MJ/km 


•  An  averaged  2-percent  increase  in  fuel  consumption  was  evident  with  JP-8  at  all 
speeds  for  both  vehicles,  except  during  the  48-km/hr  (30-mph)  steady-state  evaluations 
on  the  M998  HMMWV.  The  48-km/hr  evaluation  showed  a  2-percent  fuel- 
consumption  decrease  with  JP-8  fuel.  The  increase  in  fuel  consumption  with  JP-8, 
however,  was  less  than  predicted  by  the  heating  value  difference  between  the  two 
fuels. 


The  following  conclusions  were  reached  for  the  M88A1  Recovery  Vehicle: 


Nontowing  Tests  * 

•  The  fuel-consumption  rate,  liter/hr  (gal./hr),  at  nominal  24  km/hr  (15  mph)  with 
JP-8  when  utilizing  injection  pump  adjusted  to  TM  specifications  was  higher. 
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•  Fuel  pump  adjustment  appears  to  lower  fuel  consumption  with  JP-8  at  24  km/hr 
(15  mph)  to  equivalent  DF-2  levels. 

•  At  nominal  40  km/hr  (25  mph),  JP-8  with  the  TM  pump  calibration  reveals 
lower  fuel-consumption  rates  than  DF-2,  probably  due  to  pumping  losses  in  the 
injection  pump.  The  vehicle  would  not  attain  the  target  test  speed. 

•  The  injection  pump  adjustment  resulted  in  improved  vehicle  performance  with 
fuel-consumption  rates  equivalent  to  DF-2. 

•  Fuel-economy  results  [liter/km  (gal./mile)],  which  normalize  the  data  for  test 
speed,  show  improvements  in  vehicle  fuel  economy  with  JP-8  (comparable  with 
DF-2),  at  both  test  speeds  due  to  the  fuel  pump  adjustment 

•  When  compared  to  the  heating  value  difference  between  DF-2  and  JP-8,  the 
fuel  pump  adjustment  improves  the  fuel  economy  of  the  M88A1  operating  on 
JP-8  significantly. 

Towing  Tests 

•  No  improvement  in  towing  speed  of  an  MIAIHA  is  noted  after  the  fuel  pump 
adjustment  with  JP-8.  Towing  speeds  are  lower  with  JP-8  in  both  cases 
compared  to  DF-2. 

•  The  fuel  usage  with  JP-8  [liter/km  (gal./mile)]  and  energy  consumption  [MJ/km 
(Btu/mile)]  shows  significant  increases  due  to  the  fuel  pump  adjustment 
During  the  towing  of  the  MIAIHA,  the  M88A1  appeared  to  suffer  a  thermal 
efficiency  penalty  due  to  the  fuel  injection  pump  adjustment. 

•  The  net  result  of  the  fuel  injection  pump  adjustment  with  JP-8  was  to  improve 
the  individual  vehicle  performance  and  fuel  economy.  Even  though  fuel 
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consumption  in  the  M88A1  increased,  while  towing  the  MIAIHA  main  battle 
tank,  the  M88A1  did  not  show  an  improvement  in  vehicle  performance. 

B.  Recommendations 

The  following  recommendations  are  made: 

•  Further  investigation  of  the  fuel  injection  pump  adjustment  with  JP-8  is  warranted. 

•  Effects  of  worn  fuel  injection  pump  components  and  lower  fuel  viscosity  of  JP-8 
appear  to  alter  the  effect  of  the  pump  adjustment.  An  evaluation  should  be  performed 
with  a  new/rebuilt  injection  pump. 
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DOD  PROJ  MGR.  MOBILE  ELECTRIC  POWER 
US  ARMY  TRCXDP  SUPPORT  COMMAND 
ATIN:  AMCTM-MEP-TM  (MR  WADSI)  1 
7500  BACKLKTC  ROAD 
SPRINGFIELD  VA  22150 


CDR 

US  ARMY  FORCES  COMMAND 
ATTN:  AFLG-REG  1 

FCJ4-TRS  1 

FORT  MCPHERSON  GA  30330-6000 

HQ 

US  ARMY  TRAINING  &  DOCTRINE  CMD 
ATTN:  ATCD-SL-5  1 

ATCD-W  (MR  WILSON)  1 

FORT  MONROE  VA  23651-5000 

HQ.  US  ARMY  ARMOR  CENTER 
ATTN:  ATSB-CD-ML  1 

ATSB-TSM-T  1 

FORT  KNOX  KY  40121 

CDR 

lOlST  AIRBORNE  DIV  (AASLT) 

ATTN:  AFZB-KE-J  1 

AFSB-KE-DMMC  1 

FORT  CAMPBELL  KY  42223 

CDR 

US  ARMY  QUARTERMASTER  SCHOOL 
ATTN:  ATSM-CDM  (MR  C  PARENT)  1 

ATSM-PWD  (LTC  GIBBONS)  1 

FORT  LEE  VA  23801 


CDR 

US  ARMY  COMBINED  ARMS  &  SUPPT  CMD 
AND  FT  LEE 

ATTN:  ATCL-CD  1 

ATCL-MS  1 

FORT  LEE  VA  23801-6000 

CDR 

US  ARMY  FIELD  ARTILLERY  SCHOOL 
ATTN:  ATSF-CD  1 

FORT  SILL  OK  73503-5600 

CDR 

US  ARMY  TRANSPORTATION  SCHOOL 
ATTN:  ATSP-CD-MS  I 

FORT  EUSTIS  VA  23604-5000 

CDR 

US  ARMY  INFANTRY  SCHOOL 

ATTN:  ATSH-CD-MS-M  1 

FORT  BENNING  GA  31905-5400 
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CDR 

US  ARMY  AVIATION  CTR  &  FT  RUCKER 
ATTN:  ATZQ-DI 
FORT  RUCKER  AL  36362 

CDR 

COMBINED  ARMS  COMBAT  DEV  ACTY 
ATTN:  ATZL-CAT-E  1 

ATZL-CAT-A  1 

FORT  LEAVENWORTH  KS  66027-5300 

CDR 

US  ARMY  ENGINEER  SCHOOL 

ATTN:  ATSE-CD  1 

FORT  LEONARD  WOOD  MO  65473-5000 

CDR 

US  ARMY  ORDNANCE  CENTER  &  SCHOOL 
ATTN:  ATSL-CD-CS  I 

ABERDEEN  PROVING  GROUND  MD 
21005 

CDR 

US  ARMY  SAFETY  CENTER 

ATTN:  CSSC-SPS  1 

FORT  RUCKER  AL  36362 


CDR 

MILITARY  TRAFFIC  MGM  COMMAND 
ATTN:  MT-SA 
WASHINGTON  DC  20315 

CDR 

US  ARMY  WESTERN  COMMAND 
ATTN:  APLG-TR  1 

FORT  SCHAFTER  HI  96858-5100 

CINC 

US  SPECIAL  OPERATIONS  COMMAND 
ATTN:  SOJ4-P  1 

MACDILL  AFB  FL  33608 

CDR 

US  CENTRAL  COMMAND 

ATTN:  CINCCEN/CC  J4-L  1 

MACDILL  AFB  FL  33608 

HQ,  EUROPEAN  COMMAND 

ATTN:  ECJ4/LU  (LTC  CUMBERWORTH)  1 

VAIHINGEN,  GE 

APO  NEW  YORK  09128 


Department 

CDR 

NAVAL  AIR  PROPULSION  CENTER 
ATTN:  PE-33  (MR  D’ORAZIO)  1 

P  O  BOX  7176 
TRENTON  NJ  06828-0176 

OFFICE  OF  CHIEF  OF  NAVAL  RESEARCH 
ATTN:  (Xm-12E  (DR  ROBERTS)  1 

ARLINGTON  VA  22217-5000 

CDR 

NAVAL  SEA  SYSTEMS  COMMAND 

ATTN:  CODE  05M32  (MR  DEMPSEY)  1 

WASHINGTON  DC  20362-5101 

CDR 

DAVID  TAYLOR  RESEARCH  CENTER 
ATTN:  CODE  2759  (MR  STRUCKO)  1 

ANNAPOLIS  MD  21402-5067 

DEPARTMENT  OF  THE  NAVY 

HQ.  US  MARINE  CORPS 

ATTN:  LPP-2  (MAJ  TALLERI)  I 

WASHINGTON  DC  20380 


Of  the  Navy 
CDR 

NAVAL  FACILITIES  ENGR  CENTER 
ATTN:  CODE  1202B  (MR  BURRIS)  1 

200  STOVAL  STREET 
ALEXANDRIA  VA  22322 

CDR 

NAVAL  PETROLEUM  OFHCE 

ATTN:  CODE  40  (MR  LONG)  1 

CAMERON  STATION 

ALEXANDRIA  VA  22304-6180 

OFHCE  OF  THE  CNO 

ATTN:  OP-73  ID  1 

DEPT  OF  NAVY 
WASHINGTON  DC  20350 

JOINT  OIL  ANALYSIS  PROGRAM  - 
TECHNICAL  SUPPORT  CENTER  1 

BLDG  780 

NAVAL  AIR  STATION 
PENSACOLA  FL  32508-5300 
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NAVAL  AIR  SYSTEMS  COMMAND 

ATTN:  CODE  53632F  (MR  MEARNS)  1 

WASHINGTON  DC  20361-5360 

CDR 

NAVAL  RESEARCH  LABORATORY 

ATTN:  CODE  6180  1 

WASHINGTON  DC  20375-5000 

US  MARINE  CORP  LIAISON 
ATIN;  USMC-LNO  (MAJ  OTTO)  1 

US  ARMY  TANK-AUTOMOTIVE  COMMAND 
(TACOM) 

WARREN  MI  48397-5000 
CDR 

NAVAL  SHIP  SYSTEMS  ENGINEERING 
STATION 

ATTN:  CODE  053C  1 

PHILADELPHIA  PA  19112-5083 

Department  of 

HQ,  US  AIR  FORCE 

ATTN:  LEYSF  1 

WASHINGTON  DC  20330 

CDR 

US  AIR  FORCE  WRIGHT  AERO  LAB 
ATTN:  POSF  (MR  DELANEY)  1 

WRIGHT-PATTERSON  AFB  OH  45433-6563 

CDR 

SAN  ANTONIO  AIR  LOGISTICS  CIR 
ATTN:  SAALC/SFT  (MR  MAKRIS)  1 

SAALC/LDPE  (MR  ELLIOT)  1 

KELLY  AIR  FORCE  BASE  TX  78241 


DEPUTY  COMMANDING  GENERAL 
USMC  RD&A  COMMAND 
ATTN:  PM  GND  WEAPONS  (CB6T). 

LTC  VARELLA  1 

SSEA  (LTC  PHILLIPS)  1 

QUANTICO  VA  22134-5080 

COMMANDING  GENERAL 
USMC  RD&A  CMD 

ATTN:  CODE  SSCMT  1 

WASHINGTON  DC  20380-0001 

H&S  BATTALION 

ATTN:  MCCDE  (CODE  WF12E1)  l 

WARFIGHTING  CENTER 
QUANTICO  VA  22134-5010 


the  Air  Force 

615  SMSQ/LGTV  (MMEP)  1 

BLDG  100  ROOM  234 

EGLIN  AIR  FORCE  BASE  FL  32542-5000 

CDR 

USAF  3902  TRANSPORTATION  SQUADRON 
ATTN:  LGTVP  (MR  VAUGHN)  1 

OFFUTT  AIR  FORCE  BASE  NE  68113 

CDR 

DET29 

ATTN:  SA-ALC/SFM  1 

CAMERON  STATION 
ALEXANDRIA  VA  22304-6179 


CDR 

WARNER  ROBINS  AIR  LOGISTIC  CTR 
ATTN:  WRALC/LVR-1  (MR  PERAZZOLA)  1 
ROBINS  AIR  FORCE  BASE  GA  31098 

Other  Organizations 

DEPT  OF  TRANSPORTATION  NATIONAL  AERONAUTICS  AND  SPACE 

FEDERAL  AVIATION  ADMINISTRATION  ADMINISTRATION  1 

AWS-110  1  LEWIS  RESEARCH  CENTER 

800  INDEPENDENCE  AVE,  S W  CLEVELAND  OH  4-'  1 35 

WASHINGTON  DC  20590 
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DEPARTMENT  OF  ENERGY 
CE-151,  ATTN:  MR  JOHN  RUSSELL 
1000  INDEPENDENCE  AVE,  SW 
WASHINGTON  DC  20585 


ENVIRONMENTAL  PROTECTION  AGENCY 
AIR  POLLUTION  CONTROL 
2565  PLYMOUTH  ROAD 
ANN  ARBOR  MI  48105 
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